The concentrations of the cosmic-ray-produced He-, Ne-, and Ar-nuclides in samples of 31 iron meteorites have been determined by mass spectrometry. Thereby, the number of samples analyzed in this laboratory has grown to 83. A critical examination of all these results was performed. The data of at least 52 samples prove to be useful to describe the "normal" abundance patterns of cosmogenic noble gases in iron meteorites; the description is accomplished by a new system of equations that correlate some properly selected abundance ratios with one another. The correlations serve as an instrument to recognize and diagnose certain abundance anomalies ( 3 He-or 38 Ar-deficiencies) which occur in about 25% of all samples analyzed. They allow to select those data which may unhesitatingly be applied in calculations concerning the irradiation histories of the respective meteorites. Another matter of concern for establishing these histories are the cosmic-ray-exposure ages. Mass spectrometric abundance analyses on meteoritic potassium have provided new data on the 4I K/ 40 K exposure ages of about 10 iron meteorites as well as on meteoroid sizes and sample depths. For two meteorites of the chemical group IIIAB, Joe Wright Mountains and Picacho, the age values obtained are 685 and 635 Ma, respectively. The results confirm our previous conclusion that the IIIAB-irons resided originally within a more or less contiguous partial volume (metallic core?) of their parent body and were ejected in consequence of a single impact event that happened about 670 Ma ago. Another motive for the present investigation was to measure the exposure ages for meteorites of the chemical groups IIICD and HIE. However, the new information obtained on their age distributions is still inadequate to answer some old questions concerning a possible relationship to the event that produced the IIIAB-meteoroids 670 Ma ago.
Introduction
The interaction of cosmic rays with iron meteoroids in the interplanetary space has been the topic of our preceding papers [1] [2] [3] [4] [5] [6] and is also treated here. The irradiation history of a sample of iron meteorite may essentially be characterized by three physical quantities: (1) the exposure age T, (2) the size S of the irradiated body, i.e. its pre-atmospheric mass, and (3) the depth D of the sample within that body. They define the contents of "cosmogenic" nuclides in the sample. For a given specimen, the analysis of some of these nuclides may provide information on T, S, and D. Mass spectrometric analyses of potassium and of the noble gases He, Ne, and Ar have so far delivered such data for about 60 specimens of different iron meteorites [4, 5] . We report here experiments on further samples.
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The samples are listed in Table 1 . They were mainly selected with regard to the fact that most of the various "chemical groups" [7] of iron meteorites exhibit their own characteristic distributions of exposure ages, but that our previous studies of that topic [1, 3] were incomplete, particularly with regard to the small groups IIB, IIICD, HIE, and others.
New noble gas measurements and new correlations between noble gas abundances
The experimental procedures applied to determine the He-, Ne-, and Ar-nuclides in iron meteorites have been described elsewhere [2, 4] , The new results are presented in Table 2 ; however, the data on 20 Ne/ 2l Ne, 22 Ne/ 21 Ne, and 40 ArAr are so similar to those obtained previously and of no particular significance that they are neglected in this report.
The noble gases of Unter-Mässing have been analysed in Zürich by Schultz [5] , those of Bella Roca 0340-4811 / 83 / 0200-289 $ 01.3 0/0. -Please order a reprint rather than making your own copy. and Hassi-Jekna in the laboratory of H. Hintenberger in this institute. The relative abundances of cosmic-ray-produced noble gas nuclides in a sample of iron meteorite depend almost solely on the effective irradiation hardness, i.e. on the shielding of the sample by the surrounding meteoroid mass. The different abundance ratios in different samples from different iron meteorites can, therefore, almost perfectly be described by a set of equations which correlate some properly selected abundance ratios with one another. A particular set which provides with a minimum number of equations a complete description of all abundance patterns, was called a "primary correlation system". A wealth of other -"secondary" -correlations may be deduced from a primary system by algebraic operations [2] ,
In the preceding paper [6] of this series, a new partial system of secondary correlations between the cosmogenic species 3 He, 4 He, 21 Ne, and 38 Ar was introduced. It is particularly well suited to test the "normality" of measured ratios, i.e. to recognize and diagnose abundance anomalies. As a rule, all experimental data should be tested prior to their application in calculations on the irradiation history. For that purpose, they must be compared with predictions which are provided by a suitably selected set of "normal" test correlations.
The particular test correlations chosen in the preceding paper [6] are based on the data of only 12 of the first suite of 16 samples measured at this laboratory; the data of 4 samples proved to be anomalous, cf. Figs. 2 and 3 in [2] . In the meantime, the number of analyses published from this laboratory has grown to 83, see Table 1 in [4] and Table 2 of the present work. Consequently, test correlations should henceforth be used which are based on the normal data from all these 83 analyses. Therefore, we have now performed a critical examination of these data sets by application of the principles described in [6] .
During examination of the 83 data sets, no "pecularities" were found for 52 of them. From these 52 data sets we have deduced the following equations describing new primary correlations: 3 
They represent linear approximations of relationships reported previously [2, 6] , In the computations of the regression lines, the effective irradiation hardness, i.e. 4 He/ 2i Ne, was treated as an independent variable; . v designates the square root of the mean sample variance. From (1) and (2) the following secondary correlations are deduced: 
Determination of cosmic-ray exposure ages
Frequently, the 41 K/ 40 K-method is most appropriate to determine exposure ages [1, [3] [4] [5] . The temporal development of the cosmogenic (c) potassium nuclides in a sample of iron meteorite yields, after a time period T of irradiation, the concentrations
41 K c =/>4|7\
The Ps and /. are the production rates and the decay constant of 40 K, respectively. The mass spectra of potassium extracted from irons are superpositions of those of cosmogenic potassium and of an accessory (a) component originating from terrestrial contamination and from the primordial component in the meteoritic material:
In the present context, the accessory contribution to 40 K can be neglected. With the abbreviations
one derives from (5) - (10) 
for the calculation of the age T.
Melting of the meteorite sample in high vacuum, fractional volatilization, thermal surface ionization, and ion transport by electrostatic fields are the techniques employed to extract the alkali elements and to load them selectively for mass spectrometric analysis onto a clean Pt-filament [1, 3, 5] . However. the procedure is preceded by an important 1-hour period during which the sample is glowed in a high vacuum at about 1200 °C, so that selective loss of the accessory alkali elements from the sample surface as well as from grain boundaries is achieved. The cosmogenic component is not released until the Sample is melting in the final extraction stage. Considering the extremely small concentrations of cosmogenic potassium of the order of ng/g or less, it is understandable that even with these sophisticated procedures a good state of sample preservation is a prerequisite of success. Spectra with ^K-abundances ^ 4% can barely provide useful information. With the samples of Table 1 the outcome was relatively poor. The results of the successful experiments are summarized in Table 3 .
In the present context, "quality" means, first of all, the relative contribution of the cosmogenic component which is essentially characterized by the relative abundance of 40 K given in column 4. The data in column 3 provide further information on the "quality". In the first instance, the number of recorded spectra is given; it presents a relative measure of the time period during which stable ion currents were obtained before the potassium reserve on the filament was exhausted. As, for the first time in our K-laboratory, a computer was used for data acquisition, the data collecting rate was roughly three times that of our previous measurements. A supplementary quality criterion is provided by observation of the isotope fractionation behaviour during the run, as characterized by one or a combination of two of the letters A-D (cf. [1, 3] ).
As an example, we discuss the case of No. 6 in Table 3 , Calico Rock. A total of 764 spectra were recorded in the course of four working-days, until the potassium sample on the filament was exhausted. The ion current was held nearly constant and the spectra were taken in constant time intervals. The data in column 4 are the uncorrected means from all spectra. As cosmogenic and accessory components are never perfectly mixed on a filament, slight and slow variations of the relative abundances occurred with, for example, 40 K-abundances between 11 and 14%. These variations do not affect the M-values. Isotope fractionation occurred, however, producing a slight temporal increase of the uncorrected (see below) A/-value from about 1.675 to 1.695 (mean 1.687). In column 3 of Table 3 such behaviour is denoted by the letter B. The Table 3 . Potassium isotopes, cosmic-ray exposure ages, meteoroid sizes, and sample depths. character A refers to the more favourable case of constant AZ-values, whereas C and D indicate occurrences of certain instabilities as described elsewhere [1, 3] .
With equation (12) and with the abundances in column 4, an uncorrected value A/ 0 is calculated. Owing to the mass dependence of the ion-electron conversion in the multiplier used, a correction has to be applied. With an estimated mass discrimination of 1% u~' the following relationships are obtained [1, 3] :
The uncertainty of the M-value depends, of course, on the contribution of the accessory component in the spectrum; a good measure for it is the value of m itself. Therefore, and according to the practice adopted before, we present in column 5 the values of
With regard to the jV-values -cf. (13) -we recall that the ratios between any two production rates depend almost solely on the effective irradiation hardness. N must, therefore, be a function of 4 He/ 2l Ne. Previous studies [1, 10] have demonstrated that the equation
Ne (18) is appropriate. The exposure ages which finally follow are shown in column 6.
Meteoroid sizes and sample depths
We refer here to the /^i -4 He/ 21 Ne-diagram shown in Figure 1 . It predicts how the production rate of cosmogenic 2l Ne (P 2 \ = C 2 \/T) and the ratio 4 He/ 2! Ne depend on the meteoroid size 5 and sample depth ; a detailed account is given elsewhere [4] , The diagram, in connection with results in Tables 2  and 3 , enables us to ascertain the meteoroid sizes and the sample depths listed in columns 8 and 9 of Table 3 . The distribution of the data points in the / > 2) - 4 He/ 21 Ne-diagram is essentially similar to that of our earlier results [4] . For Surprise Springs an estimate of the size cannot be made owing to the large uncertainty of the age value; however, according to its 4 He/ 2l Ne-ratio of 192, the sample depth must be somewhere between 5 and 10 cm. The sample of Kokstad, with the "co-ordinates" 4 He/ 21 Ne = 428 and P 2 \ = 0.08 • 10~1 0 cm 3 STP/g, falls distinctly below the allowed field of the / > 2 i _4 He/ 21 Nediagram and belongs, therefore, to the group of "low-P-samples" [4] ; it had probably experienced a analysis of the noble gas distribution in Grant and an exposure age of Grant of 695 Ma. The "allowed field" of the diagram is limited by the "centre limit" (top) for the centres of meteoroids of various sizes, by the "infinite-mass limit" (bottom) for the depth dependence of P 2 \ and 4 He/ 2l Ne in a meteoroid of "infinite" mass, and by the "surface limit" (left) reflecting the / (Tables 2 and 3). two-or more-stage irradiation history. The meaning of the value of 470 Ma for its exposure age is, therefore. problematic.
Discussion: Exposure ages
The 4l K/ 40 K-ages from the present and previous work are summarized in Figure 2 . The partition into several histograms is based on Wasson's classification [7] with some minor modifications [9] . The observation of characteristic age distributions supports the belief that almost each of the different chemical groups originated in a single discrete parent body. An interesting motive to measure the age distribution for a group of homologous meteorites is based on the expectation that it would somehow reflect the temporal progress of the collision-induced destruction of the respective parent body and that it could, perhaps, reveal its stratigraphic structure, see e.g. [12. 13] .
According to the new analyses, the IIIAB-irons Joe Wright Mountains and Picacho are members of the age cluster at 670 Ma which were obviously ejected in consequence of a single impact event on their parent body. The total number of meteoroids released may have gone into the hundreds of millions. The existence of this age cluster implies that the IIIAB-material originally resided within a more or less contiguous partial volume of the parent body, perhaps in a metallic core. The same explanation may hold for the 450 Ma age clustering of the IVA-irons.
The age clustering of the IIIAB-meteorites presents the extreme counter-example to the almost continuous age distribution of the IA-meteorites. The total cross section against collision-induced disruption and release of the material which contains the IA-metal appears to be substantially larger than that of the material which contains the IIIAB-metal. On the other hand, each single impact on the IA- parent-body has been less effective in producing irons that found their way to Earth. This observation is consistent with the explanation that the IAirons are derived from a relatively big parent body where metal boulders are widely dispersed within chondritic mantle or crustal material. These general ideas have already been discussed in previous publications [1, 3] .
Studies on the "geochemistry" of iron meteorites have provided evidence for the existence of two different major classes of meteoritic nickel-iron, see e.g. [9] : first, the "igneous" or "magmatic" groups of irons (among them the IIIAB-irons) which formed by fractional crystallization of a metallic magma; and second, groups (among them the IA-irons) in which iron formed in small pools of impact melt. The igneous metal may occur in form of very massive conglomerates or of an asteroidal core, whereas the pools solidified rapidly and remained isolated from each other, widely dispersed within unfractionated chondritic material. It is remarkable that these geochemical considerations and the discussion of age distributions have independently produced quite similar conceptions on the different modes of formation of the IA-and IIIAB-meteorites.
It appears, however, that these arguments cannot be generalized. The existence of more or less completely fractionated magmatic metal in form of veins which remain widely dispersed within fractionated silicate material of a parent body is, at the currently poor state of our understanding, perhaps conceivable. On the other hand, circumstances are conceivable allowing the gradual destruction of more or less massive conglomerates of igneous metal and a quasi continuous release of igneous iron meteoroids.
The IIA-and IIB-irons, for example, belong to be igneous groups [14] and exhibit, nevertheless, quasi continuous age distributions (Figure 2 ). Although the IIICD-irons consist of impact metal [9] and the IIIE-irons of igneous metal [15] , their age distributions appear very similar in character. We observe even a certain quantitative similarity of the age distribution of the IIICD's with that of the IIIAB's; yet we do not deduce from them that it was one single event that produced the majority of the IIICD-meteoroids as well as that of the IIIAB-irons. The groups IIIE and IIIAB differ only slightly in their chemical compositions and it has been an open question whether or not the two groups formed in different parent bodies [8] , Comparison of their age distributions does not provide much help to decide this question, all the more so as the meaning of the value of 470 Ma for the exposure age of the IIIE-member Kokstad is problematic.
It is obvious that certain problems remain unsolved and that for their solution two requirements should be realized as much as possible: (1) that more irons of the groups IIB. IIICD, IIIE, and IIIF are dated and the statistical significance of their age distributions is thereby improved; and (2) that the time resolution of the analyses, i.e. the precision of the age determination is substantially improved. However, we do not see a possibility for a decisive progress in these affairs at the present time.
A cknowledgem ents
The meteorite samples for this research were obtained through the courteous cooperation of R. S.
